A tRNA gene cluster in Salmonella tvphimurium includes the genes for tRNA Ar 8, tRNA His , tRNA^e u and tRNA
INTRODUCTION
In eukaryotes, RNA polymerase III (Pol III) is responsible for transcription of tRNA genes, 5S RNA genes and the genes for adenovirus-associated RNAs (1) .
A unique feature of the mechanism of Pol III transcription is that the signals on the DNA required for transcription initiation are located within the coding portion of the gene (2) (3) (4) (5) (6) (7) (8) . This is different from the transcription mechanism of prokaryotic genes where the promoter sequence lies at the 5 1 side of the coding sequence and is never transcribed into RNA (9) . Two separate sets of intragenic sequences are required for Pol III transcription of tRNA genes. The first sequence (designated as the A block (10)) corresponds to a portion of the gene that codes for part of the D arm of the mature tRNA. The second sequence (the B block) spans the region of the gene where the TYC stem-loop of the tRNA is encoded (10) .
Thus the sequences of the A and B blocks have a dual function: in the DNA they are transcription initiation signals, while as part of the RNA transcripts they contribute to the configuration of mature tRNA. In fact, the D and TYC arms of tRNA are largely responsible for some of the general aspects of tRNA tertiary structure (11) . Most of the structural-functional analogies among t RKAB originate from the presence of highly conserved nucleotide sequences within the D stem-loop and the TYC stem-loop in both prokaryotic and eukaryotic tRNAs (12) . Therefore, prokaryotic tRNA genes also include two sequence blocks that show extensive homologies with the split promoters of eukaryotic tRNA genes. This leads to the prediction that prokaryotic tRNA genes might be transcribed in a eukaryotic system. He have tested this prediction by assaying the expression of four cloned tRNA genes from S_^ typhimurium microinjected into the nuclei of Xenopus laevjs oocytes. In this paper we show that these tRNA genes are transcribed in the oocyte nuclei. For three of the four genes, the primary transcripts are rapidly and correctly processed into mature tRNAs. In the course of this maturation process, the bacterial tRNAs acquire a modification pattern that is specific to eukaryotic tRNAs.
MATERIALS AND METHODS

Cloning vehicles and plasmids
Single-stranded DNA phage M13mp2 (13) and its derivative mWJ43 (14) were used as cloning vectors through this entire work. M13 recombinant phage mSt-25 carries a cloned 972 bp fragment of Salmonella DNA which includes the entire tRNAArg-t R N AHis-tRNAL eu -tRNA Pr° gene cluster (Bossi, in prep.) . mCet-1 is an M13 clone of a C^. elegans tRNA Pr0 gene (15) . pXlo31, a PMB9
clone of Xenopue 5S RNA gene (16) , was kindly donated by Dana Carroll.
Entvmes and radiochemicals
Restriction enzymes were purchased from New England Biolabs and used according to the manufacturer specifications. T4 DNA ligase was from Collaborative Research. The Klenow fragment of DNA polymerase I and Ribonuclease PI were obtained from Boehringer Mannheim. Ribonuclease Tl was from Sankyo, Japan. Ribonuclease T2 and Ribonuclease A were purchased from Sigma. Proteinase K was from Merck. T4 RNA ligase was a gift of Greg Bruce. All radiochemicals were obtained from Amersham.
Construction and screening of recombinant M13 phages
Recombinant phage mSt-25 was initially constructed by inserting a 1150
bp Sau3A fragment from a previously isolated X clone into the BamHl site of single-stranded DNA phage mWJ43 (Bossi, in prep.) . In the cloned fragment, Fig. 1 ).
Oocyte injections
Oocytes were removed through small abdominal incisions of anesthetized Xenppug laeyis females. The oocytes were separated from connective tissues and cultured in modified Barth medium (21) at 18-20° C before use. Immediately prior to injection, the oocytes were centrifuged briefly at low speed to visualize the germinal vesicles as described (22) . The RF DNA of the M13
clones to be used for injections was prepared from 250 ml phage-infected cultures with the alkaline lysis procedure (23) . For the in vivo labelling of the RHA transcripts, oocytes were injected with a 20 nl solution containing 120 pg/ml M13 clone RF DNA, 100 yg/ml pXlo31 DNA, 8 mCi/ml [a-32p] G TP (3 50 Ci/nmole) in 88 mM NaCl, 15 mM Tris-Cl pH 7.5. In cases where transcription products were to be used for a Northern analysis (see below), both the radioactive GTP precursor and the 5S RNA gene clone were omitted from the injection samples.
Typically, 8-10 oocytes were injected with a given DNA solution. Following incubation (5-10 hours), the oocytes were frozen in liquid nitrogen and stored at -80° C until processed.
Analysis of RNA transcripts
The injected oocytes were homogenized in 0.5 mg/ml proteinase K, 50 mM Tris-Cl pH 7.4, 0.5% SDS, 5 mM EDTA and the homogenate was incubated for 2 hours at 37° C. The homogenate was then extracted twice with phenol-chloroform (1:1) followed by ethanol precipitation. RNA was separated on a 101 polyacrylamide, 7 M urea gel. When further analysis was required, individual RNA species were eluted from the gel with the "crush-and-soak" method (24) .
Tl RNAate oligonucleotide fingerprints were produced by ionophoresis on cellulose acetate strips (pH 3.5) in the first dimension, followed by ionophoresis on DEAE paper with 7Z (v/v) formic acid in the second dimension (25) . For the analysis of modified nucleosides, the lot-3 2 p ] GTP-labe i led tRNAs were digested to completion with RNAase PI or with a mixture of RNAase Tl, RNAase T2 and RNAase A. The resulting nucleoside mono-phosphates were resolved by two-dimensional thin layer chromatography (Eastman Kodak TLC plates) (26) .
Detection of tRNAs by Northern hybridization
The The subclones used for the following transcription studies were all extensively characterized by DNA sequence analysis as described in Materials and Methods. Ho tRNA^e u is detected following the injection of clone mSt-RH18 (Fig. 4D,   lane 10) . Thus, the deletion of the first 22 bp of the tRNA^e u coding sequence not only inactivates the intragenic promoter, but presumably also prevents the correct processing of tRNA^e u sequences from a polycistronic transcript starting with the tRNA His gene (see Fig. 1 ).
In the oocvtes. bacterial tRNAs acquire eukarvotic-specific modification patterns.
The RNA bands corresponding to the mature forms of tRNA The presence of an additional eukaryote-specific methylation is revealed by the analysis of the combined Tl-T2-RNase A digest (Fig. 5, panels D-F Rudd for reviewing the manuscript and to unknown referees for useful criticism.
